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* NOTICES * 

iTPO and NCIPI are no-t responsible for any 
damages caused by 'the use o£ this transla^tlon. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the Magnesium alloy excellent in thermal resistance and fluidity for die casting ~ it is ~ 
alimiinxmi — 2 - 6wt% and calcium ~ 0.3 - 2wt% and Sr — 0.01 - lwt% — the Magnesium alloy for 
die casting characterized by containing and the remainder consisting of Mg and an xmescapable 
impurity. 

[Claim 2] the Magnesium alloy excellent in thermal resistance and fluidity for die casting — it is — 
aluminum 2 - 6wt% and calcium - 0.3 - 2wt% and Sr 0.01 - lwt% and Mn - 0.1 - lwt% - the 
Magnesium alloy for die casting characterized by containing and the remainder consisting of Mg and 
an imescapable impurity. 

[Claim 3] furthermore. Si - 0.1 - lwt% ~ the Magnesium alloy for die casting according to claim 1 
or 2 characterized by coming to contain. 

[Claim 4] furthermore, Zn ~ 0.2 - lwt% — the Magnesium alloy for die casting according to claim 1 
to 3 characterized by coming to contain. 

[Claim 5] furthermore, rare earth elements — 0.1 - 3wt% ~ the Magnesium alloy for die casting 
according to claim 1 to 4 characterized by coming to contain. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not, responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the Magnesium alloy for die casting excellent in 

thermal resistance and fluidity. 

[0002] 

[Description of the Prior Art] If it is in transport-airplane machines including an automobile etc., a 
Magnesium alloy has been begim to attract attention for lightweight-izing. The Mg-aluminum-Zn 
system alloys (ASTM specification AZ91D etc.) which contain Mg-aluminum system alloy 
[ containing Al / 2 - 6wt% ] (ASTM specification AM60B, AM50A, AM20A, etc.) or 8 - 10wt% Zn 
[ Al and l-3wt% ] as such a Magnesiimi alloy, especially a Magnesium alloy for casting are known. 
Namely, these Magnesium alloys have good fluidity and die-casting molding is possible for them. 
[0003] However, when such a Magnesium alloy is used for the components of the circumference of 
an engine, this Magnesium alloy had the low creep strength in the elevated temperature called 125- 
175 degrees C, for example, 150 degrees C, it passed while in use, and Tari tended to get up, and 
there was a possibility of producing problems, like there being possibility that the bolt which is 
binding components tight will loosen. For example, although AZ91D typical as an alloy for die 
casting has fluidity, reinforcement, and good corrosion resistance, creep strength is inferior in it. 
Moreover, although AE42 is known as an alloy for heat-resistant die casting which added rare earth 
elements, it cannot say that this alloy has good fluidity, and creep strength cannot be said to be 
sufficient thing, either. Then, the alloy which added calciimi in the Mg-aluminum system is proposed 
recently (JP,7-1 1374, A, JP,9-291332,A). However, although creep strength of the Mg-Al -calcium 
system alloy of these proposals is improving, compared with ADC 12 aluminum alloy, it cannot say 
that it is enough, but die-casting nature gets worse by calciimi addition fiirther, and it has problems, 
like a misrun and a casting crack arise. Moreover, although these alloys contain rare earth elements 
as an indispensable component, when many rare earth elements are added, cost also has so much the 
problem attached highly. 

[0004] On the other hand, imlike the above die-casting techniques, a CHIKUSO molding technique 
is beginning to be apphed to casting of a Magnesium alloy recently. Since this technique is the 
approach of performing injection molding in the state of half-melting, it is made effective for control 
of generating of the casting crack of a Mg-aluminum-calciimi system alloy. However, the actual 
condition is that there is nothing and application to autoparts is not made, either, and casting of Mg 
alloy still has a die-casting technique in use [ this technique ] what was completed. 
[0005] On the other hand, as indicated by IP,4-231435,A (US patent No.5147603) It has the fi-acture 
point load of 290MPa(s), and at least 5% of fi-acture point elongation at least, altuninum — 2 - 1 1 wt% 
and Mn — 0 - l%wt%, and Sr ~ 0.1 - 6wt% - respectively — containing - the presentation of 
Remainder Mg — having — as the main impurities — Si<0.6wt% and Cu — < — patent application of 
the Magnesium alloy made into nickel<0.01wt% is carried out Fe<0.1wt% 0.2%. Although 
mechanical strength is high and excellent also in corrosion resistance, the Magnesium alloy 
concerning this patent application is an alloy manufactured by the rapid solidification method, and 
are band-Uke and a thing manufactured as the shape of powdered or a chip fi-om an alloy molten 
metal by the roller quenching method or atomization. Moreover, a billet is consolidation- formed 
based on what was made into the shape of a chip, and band-like [ these ] and the technique in which 
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it obtains the product of the target configuration by powdered or carrying out extrusion molding or 

hydrostatic extrusion further are indicated by said patent. 

[0006] 

[Problem(s) to be Solved by the Invention] Although the alloy concerning the above-mentioned 
patent application is an alloy manufactured with a quenching method and it has the very high 
fracture point load of 290 or more MPas this alloy — a quenching method — band- like — powdered 
Or in order to be the alloy obtained only as a chip-like solid-state and to process the configuration of 
a required product The consolidation of the heating consoHdation shaping approaches, such as 
extrusion molding or hydrostatic extrusion, needed to be given and carried out to the alloy-powder 
end of the shape of powdered or a chip, or alloy grain, and band-like [ which was obtained with the 
quenching method ] and the configuration which can be acquired eventually had a limit. 
[0007] The 1st technical problem which the invention in this application tends to solve is offering the 
Magnesium alloy for die casting which was excellent in thermal resistance and fluidity, and was 
excellent in the creep property. Moreover, other technical problems which the invention in this 
application tends to solve were excellent in the above-mentioned property upwards, can be formed in 
a free configiiration by casting, and set to one of the objects to offer the Magnesixmi alloy which can 
be offered cheaply. Moreover, other technical problems which the invention in this application tends 
to solve are offering the Magnesium alloy which is suitable in order to manufacture the components 
of complicated configurations, such as a circumference of an engine, or thin meat with a die force 
strike technique, was excellent in thermal resistance and fluidity, and was excellent also in the creep 
property. 
[0008] 

[Means for Solving the Problem] By the way, while this invention person pushed wholeheartedly 
and went about the examination about the alloying element exerted on the fluidity and creep strength 
in the Mg-Al -calcium system alloy which added calcium, this invention person came to find out that 
a header and creep strength can also raise further that the die-casting nature which got worse by 
calcium addition can be made to improve substantially by adding Sr. 

[0009] This invention is attained based on such knowledge. The aforementioned technical problem It 
is the Magnesium alloy excellent in thermal resistance and fluidity for die casting, and is aluminum 2 
- 6wt% (since an upper limit and a minimum shall be included imless - which shows the numerical 
limited range is indicated specially hereafter, the range more than 2wt% and not more than 6wt% 
shall be expressed 2 - 6wt%) Offer of the Magnesium alloy for die casting characterized by 
consisting calcium and the remainder consisting Sr of Mg and an unescapable impurity 0.01 - 1 wt% 
0.3 - 2wt% is solved, moreover, the aforementioned technical problem — a previous presentation — 
adding — Mn — 0.1 - lwt% — it is solved also with the Magnesium alloy of contained this invention. 
[0010] Here, having limited Al with 2 - 6wt% is based on the following reasons. If aluminimi is a 
content not more than 6wt%, most will dissolve on the backgroxmd of Mg. And solid solution 
hardening raises the reinforcement of an alloy. Moreover, the creep property of an alloy is raised by 
combining with calcium and forming the network of an aluminum-calcium system crystallization 
object on the grain boundary. Moreover, aluminum also raises the fluidity of an alloy. However, if 
Al content exceeds 6wt(s)%, the Kleave property will fall rapidly. On the contrary, the above- 
mentioned effectiveness (the improvement effectiveness of the alloy reinforcement by solid solution 
hardening, the improvement effectiveness of fluidity) is scarce in Al content being less than 
[ 2wt% ]. Reinforcement is low in Al content being less than [ 2wt% ], and it is especially easy to 
become an alloy inferior to practicability. Al content was made into 2 - 6wt% from the above 
backgrounds. In alimiinum content, the range of 4.0wt% ** - 6wt% is desirable also in this range. 
[001 1] Moreover, having limited calcium content with 0.3 - 2wt% is based on the following reasons. 
Drawing 1 is a graph which shows the effect of calcium content exerted on the minimiun creep rate 
of Mg alloy in case Al content is 5wt(s)%. Drawing 2 is a graph which shows the effect of calcium 
content exerted on the casting crack nature of Mg alloy in case Al content is 5wt(s)%. 
[0012] And drawing 1 shows that a minimum creep rate decreases with the increment in calcium 
content. In addition, the improvement effect has few calciimi contents less than [ 0.3wt% ]. 
However, if calcium content exceeds 2wt(s)%, it will be easy to produce a casting crack and the 
improvement effect will become, as it is saturated and is shown in drawing 2 , calcium content was 
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made into the range of 0.3 - 2wt% from the above backgrounds. The range of calcium content 0,5 - 
1.5wt% is desirable also in this range. 

[0013] Moreover, having limited Sr content to the range of 0.01 - lwt% is based on the following 
reasons. Drawing 3 is a graph with which Al content shows the effect of Sr content exerted on the 
minimimi creep rate of Mg alloy in case 5wt(s)% and calcium content is 1 .5wt(s)%. Drawing 4 is a 
graph with which aluminxmi content shows the effect of a ****** Sr content to the casting crack 
nature of Mg alloy in case 5wt(s)% and calcium content is 1.5wt(s)%. 

[0014] With the increment in Sr content, it tends to decrease and, as for a minimum creep rate, this 
drawing 3 and drawing 4 show that a casting crack also stops being able to occur easily. If this 
effectiveness has small Sr content less than [ 0,01wt% ] and lwt% is exceeded conversely, it will 
reach a saturation state. Moreover, if it sees from the lowering situation of the creep rate shown in 
drawing 3 , a low condition will be maintained in 0.1 - 0.5wt%, and some lifting will be seen in the 
range of a content higher than it. Although casting crack die length will fall rapidly and lowering 
rapid to the content which is about 0.05wt% will continue if drawing 4 is seen, and Sr is added also 
in a minute amount in not more than 0. 1 wt% It comes to cut certainly average casting crack die 
length of 10mm with it being a content exceeding 0.05wt(s)%, if 0.1wt% is exceeded, although the 
lowering rate of casting crack die length falls a little, it will decrease with a value low enough, and it 
is falling to extent which hardly becomes a problem in the content exceeding 0.2wt%. 
[0015] From the above backgrounds, Sr content was made into the range of 0.01 - lwt% in this 
invention. Within the limits of this also has the desirable range of 0.05 - 0.5wt% from an above- 
mentioned situation, and that of the range of 0.15wt% ** - 0.4wt% is more desirable. 
[0016] Moreover, when Mn is added into the alloy of this system, corrosion resistance improves, and 
creep strength also improves, and proof stress, especially elevated-temperature proof stress improve 
fiirther. This effectiveness has small Mn content less than [ 0.1 wt% ]. However, if Mn content 
exceeds lwt%, a lot of Mn single phase will come to crystallize. For this reason, it becomes weak 
and reinforcement falls. Since it was above, Mn content was made into 0.1 - lwt%. Moreover, the 
range of 0.2 - 0.7wt% is more desirable as a Mn content. 

[0017] The essential elements in Mg alloy of this invention are Al, calcium, and Sr besides Mg. 
Furthermore, a desirable element is Mn when adding. Fundamentally, other elements are extent 
contained as an imescapable impurity. However, about Si, Zn, or rare earth elements, if contained at 
a following rate, the features which are described below will be further done so. 
[0018] namely, — the Magnesium alloy for die casting of this invention — everything but the above- 
mentioned component — Si ~ 0.1 - lwt% 0>referably 0.2 - 0.6wt%) — it may contain moreover, 
everything but tihe above-mentioned component — Zn ~ 0.2 - lwt% (preferably 0.4 - 0.8wt%) ~ it 
may contain moreover, everything but the above-mentioned component — rare earth elements — 0.1 - 
3wt% (preferably 0.5 - 2.0wt%, more preferably 0.8 - 1.5wt%) ~ it may contain 
[0019] That is, fluidity of the Magnesium alloy of this invention which Si contained further at an 
above rate for die casting improves further, and the featiu-es that a casting crack stops being able to 
occur easily are done so. Moreover, the features that reinforcement of the Magnesium alloy of this 
invention which Zn contained further at an above rate for die casting improves by solid solution 
hardening are done so. Moreover, the features that creep strength of the Magnesium alloy of this 
invention which rare earth elements contained further at an above rate for die casting improves 
further are done so. if it is in the alloy which contains rare earth elements concretely — Al — 2- 
6wt.% and calcium — 0.3 - 2Avt% and Sr — 0.01 - lwt% and rare earth elements (one sort among La, 
Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu, or two sorts or more) ~ 0.1 - 3wt% - 
it contains and the remainder consists of Mg and an unescapable impurity. If a rare-earth-elements 
content exceeds 3wt(s)%, while a casting crack will increase, printing to metal mold becomes severe 
and fluidity gets worse. Moreover, the aluminum-RE system compound under organization makes it 
big and rough, and a mechanical property deteriorates. Furthermore, since it is an expensive element, 
rare earth elements are more desirable [ the range low as an addition ], if it sees in respect of cost. 
[0020] The Magnesiimi alloy for die casting of this inventions, such as the above-mentioned Mg-Al- 
calcium-Sr alloy or a Mg-Al-calciimi-Mn-Sr alloy, can be manufactured with the dissolution 
technique of common Mg alloy. For example, it is obtained by dissolving a raw material using the 
gas for antioxidizing, such as mixed gas of SF6/C02/Air, using iron cracible. 
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[0021] 

[Embodiment of the Invention] the Magnesixmi alloy for die casting excellent in the themial 
resistance and fluidity concerning this invention ~ Al — 2-6wt.% and calcium — 0.3 - 2wt% and Sr - 
- 0.01 - lwt% — it contains and the remainder consists of Mg and an unescapable impurity, 
especially the Magnesium alloy for die casting — aluminiun ~ 2 - 6wt% and calcium — 0.3 - 2wt% 
and Sr — 0.01 - lwt% — it contains and the remainder consists of Mg and an unescapable impurity, 
further — this invention — a previous presentation — adding — Mn — 0.1 - lwt% — it may contain, 
[0022] Especially aluminum content has the desirable range of 4.0wt% ** - 6wt%. Especially 
calcium content has the desirable range of 0.5 - 1.5wt%. Especially Sr content has the desirable 
range of 0.15wt% - 0.4wt%. Especially Mn content has the desirable range of 0.2 - 0.7wt%. And 
the essential elements of this invention alloy are Mg, aluminum, calcium, and Sr. Moreover, in 
addition to Mg, aluminum, previous calcium, and previous Sr, it is Mn further. 
[0023] moreover, a case — the above-mentioned presentation range — Si — 0.1 - lwt% (preferably 
0,2 - 0.6wt%) ~ it contains further, moreover, the above-mentioned presentation range ~ Zn — 0.2 - 
lwt% (preferably 0.4 - 0.8wt%) — it contains further, moreover, the above-mentioned presentation 
range — a kind or two sorts or more of rare earth elements — a total amoxmt — 0.1 - 3wt% (preferably 
0.5 - 2.0wt%, more preferably 0.8 - 1.5wt%) ~ it contains further, especially the Magnesium alloy 
for die casting — aluminum ~ 2 - 6wt% and calcium — 0.3 - 2wt% and Sr — 0.01 - lwt% — it 
contains and the remainder consists of Mg and an unescapable impiuity, furthermore, said 
presentation — adding — Mn — 0, 1 - 1 wt% — you may contain. If it is in the alloy containing rare 
earth elements, concretely Al Moreover, 2 - 6wt%, calcium — 0.3 - 2wt% and Sr — 0.01 - lwt% and 
rare earth elements (one sort among La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and 
Lu, or two sorts or more) ~ 0. 1 - 3wt% ~ it contains and the remainder consists of Mg and an 
unescapable impurity. In addition, since it can obtain industrial comparatively cheaply and easily in 
the state of the misch metal containing two or more rare earth elements although it is an expensive 
ingredient if these rare earth elements are seen as addition of simple substance powder, it is desirable 
to mix simple substance metallic element powder, not to alloy it practically, but to carry out 
compound addition and to alloy rare earth elements in the state of a misch metal. 
[0024] The Magnesivmi alloy for die casting of this inventions, such as a Mg-Al-calcium-Sr alloy of 
the above-mentioned explanation or a Mg-Al-calcium-Mn-Sr alloy, is manufactured by the 
dissolution technique of common Mg alloy. For example, it is obtained by dissolving using the gas 
for antioxidizing, such as mixed gas of SF6/C02/Air, using iron crucible. Next, as a concrete 
application of the Magnesixmi alloy for die casting of the above-mentioned presentation, it is 
applicable to the case member of the circumference of engines, such as a gearbox casing, a transfer 
case, a gear-case steering case, joint covering, and an oil pxmip cover, etc. as components of the 
circumference of an automobile-related engine as the structural member or cases of the 
circumference of engines, such as a cylinder block, the cylinder head, a cylinder head cover, an oil 
pan mechanism, an oil pump body, an oil pump cover, and an intake manifold. 
[0025] 

[Example] This invention is not limited by the following examples although a concrete example is 
given and explained below. Iron crucible is used for Mg alloy of the presentation shown in the 
following tables 1 and 2, and it is SF6/C02. It dissolved with the electric furnace imder the mixed- 
gas ambient atmosphere of /Air, and considered as the molten metal, and the cast 1 of the 
configuration shown in drawing 5 (a) and (b) using a cold chamber die-casting machine was cast. 
The whole of the cast 1 shown in drawing 5 (a) and (b) is a plate with a width of face [ of 70mm ], 
and a height of 150mm. One third of parts are parts for part III 4 with a thickness of 1mm. one third 
of the parts of this plate — a part for part I 2 with a thickness of 3mm, and the part of 1/3 — a part for 
part II 3 with a thickness of 2mm, and the remainder — A part for part I 2 with a thickness of 3mm is 
arranged to the biscuit section 5 side of the side which pours a metal into a mold, continuation 
formation of the part for a part for part II 3 with a thiclaiess of 2mm and part III 4 with a thickness of 
1mm is carried out after it, and the overflow part 6 is formed so that it may cast to the head side for 
part ni 4 and a metal may overflow. In addition, rare earth elements were added to the molten metal 
with the gestalt of a misch metal (52.8%Ce, 27.4%La, 15%Nd, 4.7%Pr, 0.1 %Sm). On the occasion 
of this casting, the existence of seizxire generating to a casting crack (hot crack) and metal mold 
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estimated die-casting nature. [0026] 
[A table 11 





Al 


C a 


S r 


Jfidc; (wt 96) 

Mn Si Z n 




Ms 


mmm i 


3.0 


1.0 


0.1 


0.3 


— 


— 


— 






4.0 


1.0 


0.1 


0.3 


_ 


— 


— ■ 


mK> 


mmm 3 


5.0 


1.0 


0.1 


0.5 


... 




— 


nr> 


mmm 4 


5.0 


0.5 


0.2 


0.3 


— 




— 


mr) 


mmm s 


5.0 


1.5 


0.3 


0.3 





— 


— 


a?> 


mmm s 


5.0 


1.0 


0.1 


0.2 





— 


— 


«i?> 


mmm 7 


5.0 


1.5 


0.2 


0.1 


— 


— 


— 




mmm s 


5,5 


1.0 


0.1 


0.4 








— 




mmm 9 


5.0 


1.0 


0.1 


0.3 


0.6 


— 


— 




mmmio 


5.0 


1.0 


0.1 


0.3 




0.6 


— 




mmmii 


3.0 


0.3 


0.1 


0.3 





_ 


— 




mnmiz 


3.0 


2.0 


0.1 


0.3 







— 




mmmi3 


5.0 


0,3 


0.1 


0.3 


0.6 


_ 


— 




mmmiA 


5.0 


0.3 


0.1 


0.3 





0.6 


— 




mmmis 


5.0 


2.0 


0.1 


0.3 


0.6 


— 


— 




mmmis 


5.0 


2.0 


0.1 


0.3 





0.6 


— 




mmmn 


5.0 


1.0 


0.1 


0.3 


0.2 


0.4 


0.2 




mmmii 


5.0 


1.5 


0.2 


0.3 


— 


— 


1.0 




mmmi9 


5.0 


1.5 


0.2 


0.3 


— 


— 


2.5 


St) 


mmmzo 


5.0 


1.5 


0.2 


0.3 


0.2 


— 


0.1 




mmmzi. 


5.0 


1.5 


0.2 


0.3 


0.2 


— 


2.8 


mt> 


mmmzz 


S.O 


1.5 


0.2 


0.3 


0.2 


0,4 


0.1 




mmmzi 


5.0 


1.5 


0.2 


u • 0 






2.9 




mmmzi 


5.0 


0.8 


0.6 


0.3 






— 




mmmzs 


S.O 


0.8 


O.B 


0.3 










7C Ola 173 <C#u 


5.9 


0.5 


0.1 


0.3 






1.0 






5.0 


2.0 


0.1 


0.9 






1.5 


SID 


nmms 


6.0 


1.6 


0.8 


0.3 






1.0 






5.0 


1.5 


1.0 


0.3 










nmmo 


5.0 


1.5 


0.2 


0.2 






1.4 




nmmi 


5.0 


1.4 


0.1 


0.2 






1.9 


at) 




S.O 


1.5 


0.4 


0.4 










nmm33 


4.2 


1.0 


0.4 


0.2 






1.0 





[0027] 
[A table 2] 
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A 1 


C a 


S r 


(wt%) 

Mn Si Z n 








5.0 


1.0 


0.2 














5.0 


1.0 


O.l 




n 9 










5.0 


1.0 


0.1 














5.0 


1.0 


0.1 








0.6 






5.0 


1.5 


0.2 








0.1 






5.0 


1.5 


0.2 








2.0 






*1.0 


1.5 


0.1 


V • 0 










It^^fl^ 2 


*7.0 


1.5 


0.1 


\l • u 








^ b 


it$i{^ 3 


5.0 


*0.1 


0.1 


U , O 








^ b 


jtK^ 4 


6.0 


♦ 2.5 


0.1 


fl ^ 
U . •) 








^ b 


tt4$^ 5 


6.0 


1-0 


t — 


(1 ^ 








?i b 


lt<SM 6 


5.0 


1.5 


0.1 










$i b 


itflRffll 1 


5.0 


1.5 


0.2 








0.04 


^ b 


itR^PlI 7 


5.0 


1.5 


0.2 








♦3.7 


?^ b 


^6^0^ 2 


6.0 


1.5 


0.2 








0.03 


^ b 
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[0028] In addition, [ near the part which changes to 2mm ], the thickness of a casting 1 shown in 
drawing 5 (a) and (b) originates in the stress concentration imder soUdification shrinkage, and 
produces a casting crack from 1mm. And to the test piece of each alloy, 100 shots were cast, and 30 
shots of the beginning considered as the scrap, about the 70 remaining shots, they found the average 
casting crack die length per one, and estimated that a casting crack was also at this casting crack die 
length. Moreover, viewing estimated the seizure to metal mold. Furthermore, the tabular test piece 
was cut down from the part whose thickness of a casting is 3mm, and the tension test and the creep 
test were performed. [0029] The tension test was performed xmder speed-of-testing the conditions 
for /of 5mm at the room temperature using lOt autograph testing machine. In the temperature of 150 
degrees C, the creep test was performed by load 50MPa and test time lOOhr, from the creep curve, 
asked for the minimxun creep rate and evaluated it by this minimum creep rate. That is, it excels in 
the creep property, so that this minimimi creep rate is small. Furthermore, the corrosion weight loss 
at the time of spraying salt water to a test piece for 240 hours is shown as a corrosion resistance 
index. These results are collectively shown in the following table 3 and a table 4. [0030] 
[A table 3] 
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[0031] 
[A table 4] 
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[0032] * In the aforementioned table 3, the real 1- fruit 39 supports the test result of the sample 
obtained from the alloy of the example 1 of a table 1 - an example 39, 

* In a table 4, a ratio 1 - a ratio 14 correspond to the test result of the sample obtained from the alloy 
of the example 1 of a comparison of a table 2 - the example 14 of a comparison. 

* In a table 4, trials 1-6 correspond to the test result of the sample obtained from the alloy of the 
example 1 of a trial of a table 2 - the example 6 of a trial. 

* In a table 3 and a table 4, as for the unit of % and a minimum creep rate, the unit of mm and 
corrosion weight loss shows [ the unit of tensile strength and proof stress ] mg/cm2 / 240 hours for 
the unit of MPa and elongation 1 0-9/s, as for the unit of casting crack die length. 

[0033] from the result shown in a table 1 - a table 4, it has the tensile strength and proof stress which 
are the alloy of this invention presentation range and which were excellent when becoming, a 
minimum creep rate is small, casting crack die length is also short, and it excels also in corrosion 
resistance --**** (there is little corrosion weight loss) ~ it turns out that the alloy for die casting 
which does not produce the seizure at the time of casting, either is obtained. 

[0034] the sample of the example 1 of a comparison — aluminum — 1.0wt(s)% fewer than 2wt(s)% 
of the minimum of this invention range ~ although it was the contained sample, the minimum creep 
rate was large, casting crack die length was also large, printing was also generated, tensile strength 
also fell, and corrosion weight loss also showed the big value, the sample of the example 2 of a 
comparison — aluminum — more 7.0wt(s)% than 6wt(s)% of the upper limit of this invention range — 
although it was the added sample, the minimum creep rate became large. 

[0035] the sample of the example 3 of a comparison — calcium — 0.1wt(s)% fewer than 0.3wt(s)% of 
the minimum of this invention range — although it is the contained sample a minimum creep rate ~ 
large — becoming ~ the sample of the example 4 of a comparison — calcium — more 2.5wt(s)% than 
2wt(s)% of the upper limit of this invention range ~ although it was the contained sample, casting 
crack die length became remarkably large, and printing was also generated. Although tfie sample of 
the example 5 of a comparison was a sample which is not making Sr contain, a minimum creep rate 
and casting crack die length became large, although it was the sample to which the sample of the 
example 6 of a comparison made Mn many 1 .5wt(s)% from 1.0wt(s)% of this invention range, proof 
stress declined and the minimum creep rate became large. 

[0036] Although the examples 7, 8, 9, and 10 of a comparison are examples which were made to 
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contain rare earth elements exceeding 3wt(s)%, and added Mn, Si, or Zn, or omitted and carried out 
ones of these addition and being excelled in the field of a creep property, casting crack die length 
became a little large, and printing generated all. 

[0037] Although the example 12 of a comparison was the sample which made Sr fewer than the 
minimimi of this invention range contain, the minimxmi creep rate was a little large, and casting 
crack die length became large. The example 13 of a comparison shows the measurement result of the 
sample of under the lower limit of calcium in the condition of having made Si containing, and the 
example 14 of a comparison shows the measurement result of the sample of under the lower limit of 
Sr in the condition of having made Zn containing. The sample of the example 13 of a comparison 
had the large minimum creep rate, the sample of the example 14 of a comparison had a little large 
minimum creep rate, and casting crack die length became large. It became clear that it is inferior to 
the alloy of an example presentation firom the above explanation in tensile strength, proof stress, 
elongation, a minimum creep rate, casting crack die length, printing, and one of corrosion resistance 
fields with the example alloy of a comparison which separated fi-om the invention-in-this-application 
presentation. 
[0038] 

[Effect of the Invention] The Magnesium alloy for die casting of the invention in this application is 
excellent in the fluidity which is excellent in mechanical properties, such as tensile strength, proof 
stress, and elongation, and does not produce printing at the time of casting, and has the description 
very desirable as a Magnesium alloy for die casting of having excelled in a creep property and 
corrosion resistance further. Therefore, with the Magnesiimi alloy of the invention in this 
application, even if it manufactures the casting components of thin meat, the outstanding cast made 
fi-om a Magnesium alloy without cracks and defects, such as a crack, can be obtained. And the 
Magnesium alloy for die casting of the invention in this application is very desirable as an alloy for 
manufacturing the components of for example, the circumference of an engine by die-casting 
molding, and what was excellent as a die-casting product can be offered. 

[Translation done.] 
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* NOTICES * 

JPO euid NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



^ 1X10" 




1X10" 



00 OS 1.0 1.5 2X> 2.5 aO 



[Drawing 2] 

50 




[Drawing 3] 



^ 1X10 




1X10" 



CXO 02 0>!^ 06 0.8 1.0 1.2 \A 



[Drawing 4] 




[Drawmg 5] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/21/2006 



JP,2001-316752,A [DRAWINGS] 



Page 2 of 2 




[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 2/21/2006 



JP2001316752 
O riginal document 

MAGNESIUM ALLOY FOR DIEC ASTING 



1/1 ^—i 



JP20013 16752 
2001-11-16 

OHORI KOICHI; NAKAURA SUKENORI; SAKAGAMI TAKESHI 
MITSUBISHI ALUMINIUM 



Patent number: 
Publication date: 
Inventor: 
Applicant: 
Classification: 

- international: 

- european: 

Application number: JP20010049345 20010223 

Priority number(s): JP20010049345 20010223; JP20000047661 20000224 



C22C23/02; C22C23/00; (IPCl-7): C22C23/02 



View INPADOC patent family 



Abstract of JP2001316752 

PROBLEM TO BE SOLVED: To provide a 
magnesium alloy for diecasting excellent in heat 
resistance and castability. SOLUTION: This 
magnesium alloy for diecasting excellent in heat 
resistance and castability has a composition 
containing, by weight, 2 to 6% Al, 0.3 to 2% Ca and 
0.01 to 1 % Sr, 2ind the balance Mg with inevitable 
impurities. Moreover, as to this invention, even in a 
compositional system in which rare earth elements are 
added to the above compositional system, more 
excellent effect can be obtained. 





Data supplied from the esp@cenet database - Worldwide 



file://C:¥Documents and Settings¥ktsunaka¥My Documents¥EPOV3¥JP2001 31 6752.Bib.html 2006/02/1 3 



m)B:^mfmff (JP) (12) ^ §g Jj^ vgf ^ (A) (ll)»llFWS4iMS^ 

#112001-316752 
(P2001-316752A) 

(43)^BIB ¥Jigimi^l6He001.11.16) 

(BDinta.' suffism F I f-v3-r(##) 

C2 2C 23/02 C2 2C 23/02 









^11:^ Sr^OKS OL 9 S) 




^S2001-49345(P2001-49345) 


(71)ffllSA 


000176707 










(2S>imB 


^m3¥ 2M23B (2001. 2. 23) 




2 TS 3 » 3 ^ 












4$S2000-47G61 (P2000-47661) 




»iHIK«J?*iF<a85»ia 


(32)«3feH 


7J$12^ 2 ^ 24 B (2000. 2. 24) 






(33}flBfeffi£!iSf 


B* (JP) 


(72)%l»« 
















































(74)feffiA 


10006^08 








*3a± iEfit (^i«) 



(54) t«W©*»3 i^-iiixhm^if^s^^A^^ 



(57) [gif!!;] 

Sr2~6wt%, Ca$-0. 3~2wt%. SrSrO.O 





(a) 



(b) 



!(2) 001-3 16752 ( P 2 0 0 1 -4^X+5 2 



AlSr2— 6wt%. CaSr0.3~2wt%. Sr$- 

0.0 i~iwt%-g-^rt. ^timsRu^mm 

Al$:2— 6wt%. Ca5r0.3— 2wt%, Sri 
0.0 1~lwt%. Mn?r0. 1 — lwt%*^rt, S 

[f»^:«3] Mtc. S i*JO. l-lwt%^WSiX 
[a^^4] MtC. Zn*5 0.2~lwt%-^:t$il. 

X^h :i t ^i^ffSfc-rsiSac^Si ~3^v^-m3&»tc:l2« 

[fS*^5] Mtc. #±»7C3l*i0. l-3wt%-t• 
^r$i^T^r•& k SrltSjii-r Sit ^« 1 -4 iOV ^-m*> 

[000 11 
[0002] 

<7)-7^;t->-'>A-^^i: LTJi. 2— 6wt%<0A 1 
trMg-A 1^-^ (ASTMafSAM6 0B, AM5 
OA, AM2 0A^) , S>SVM±. 8~10wt%(0A 
lat^f l~3wt%<7)ZnSr-i-tfMg-A 1 -Zni^-^ 
^ (ASTM«f&AZ9 ID^) *«^ai^>a-CV^S. f^T 

[00 03] L*»L^:**'c>. d'5:v^^*v">A^ 

i^-^A-^^fi. 1 2 5--17 5-C, 0iJt{fl SO'CkW 
'>tzm®iX'<r)9 U -r3^fiC*<<S< . 'J *<® 

mco-^^b LXitmm^AZ 9 1 Dti, *6jttt, SiiK. 
W:fte**ft»r* h too. y -r9$jK*«5^^T v> 

i: tTAE4 2*<»^ixTV^StOcO, JlO-^^titlit 

«S;t^r\r^. -e-CT, fiifi. Mg-AimtcCa^gSta 

tJt-^^*^yg <i»i§¥7- 1 1 3 74-f-^$g, 



9-29 1 33 2-^t&$g) $nTV^|,. L*»t, dtl/i, 

aig<7)M g - A 1 - C a^-^^Ji. :7 U -T^S*>'|6]± 
LTV-iStOO. ADC 1 2TJl^ $.—^M,-^±l,Zit^X 
+^i:(iai.-r. MtcCa^DlcJ:0^^i>:=?.M4**® 

v^S. X. Ziii^<7)'^Mi. ^±mcmi:'^mi^bL 

[0 0 04] -:^r, ±Bcr,xo^y-( :^:^hmribim 

■^(r>mmzMLxmm$ixtthif>x\'^?>, z<^mi. 
^mmmTm!ii^%:nd:m-c$>i>(7)x\ ms-a 
1 -c ai^^^<^mm'^iix<7)^<mmi,z^i^mx'$>?> 

i><7)X'iim<. ^mm^Sx^commii^^nx\>^u<D 
ti^mmx'h 0. y^^t/x hw^m^b lx m g-^o 

[0005] —:fj^ - 231435#(US!^ 

rpNo. 5147603) {^^Si^TV^S J: ^C. 'J>- 

< bi> 2 9 OMP a.<omm}^mRr/i}'-< bi>5 %<m. 

Br^#t/"$:*L. A 1 5:2—1 1 wt%. Mn^O~l 
%wt%, Sr&O. l~6wt%^>?-^^rL. SSPM 
gOffi^$-*-L. ±^mi?ji:LTS i<0.6wt 

Cu<0.2%. Fe<0.1wt%. NKO.O 
lwt%i: L^-r^:t-i^'>A-^*5!^SFailB$iiTV^ 

c:o#SFajiicclS^-7>!':t-i''>A-^{i. eigf^S 

im<. m^mzi:>m.ixx\^htiK m:^w^m<z^'>x 

v-f -fef- 3 ^ic J: 0 /?>!^tt, t»*tt* S V ^ 

[0006] 

[§%Bj;;p'JS^«iLJ;di-ri.ilM] M^O#ittiJS{c«S 
^^{i. ^?^aT-«Jt$*l-&-^T'ftoT. 2 9 OMP 
am±Offi*^-CiSv^«SIIr^^.m#$:*-r€>3&^s ::o^{i 

[00071 *ISP|B3*<J5?^U J: o b-thm 1 OPS 

mimii.xfmw&.\.zwx. ^')-^m.zmvrz 

yMj:^ h^ov^^^i^-^A-^^S-Jt^-r-S. c: b Th 



!(3) 001-316752 ( P 2 0 0 1 -4^X35 2 



«-r-5..rtsraW(73ioi:-ri>. X. :^&m.mi)mmL 

TWii.zi,mjtiti^y:^iy^M,-^^m.m-^ ci t t'*> 
h, 

[00 08] 

/cMg-A l -C am-^lZt5»t-S>«jttt^^' y-TK 

[0009] :i<Di;io^j:^^{,zA-rS\^X^mmmWL^ 

mitzy-^ :^:^hm<:o-7:^^-i^^M.-^X'h'}X. Al 
Sr2-6wt% (OT. iScfflRB^^^^-rMilfS'Jlc 

~6wt%i:Ji2wt%JJUi. 6wt%jaT<0lOTS'* 
-rtOfc-rS. ) . CaSrO. 3~2wt%. SrSrO. 

oi~iwt%. B^i)mgRxM^m^msA^(^ykh 

\.zi'>xmi.^ixh , -tfz. mifBoPSJi. ^fecoffl^tc 
3n;tTMn$r0.1 — iwt Xis-^ l,tz-^W^<r>-7y^ 

[00 10] CICIT-. Al $r2~6wt%fclSSL7tO 
{iJilT<7) J; d J: •& . A Hi, 6 w t 

±^^i-{iMgcOililtCllB|-r-S. -eLT. 

Tfe^Stl^itCA 1 -C ^IkWn'Amcri^'v vv-i^^m 

X, A l{i-^<0SlJt'ftSrtr6l±$-lt-&. L*»U, Al 

-i-^r*** 6 w t ht. 'J -ymtii^MMifZiSi 

T-t^.miz. A 1 -i-ilri3&'' 2 w t %^mx'i> 5 i: . ± 

£7)[6]±^m) *<^LV\ Al-^*-ft*52wt%* 
}1lT-$>-5i:, ^^i}<i&<. m^mmz^h^^k^j:^)^ 
V^. JiUti7)J:d^H«*'^>, Al^^rfi2-2— 6wt% 

t hti. ci(:7)i^c7)4>T«> A 1 -^^ratcfev^r4 . Ow 

[00 1 1 ] X. Ca-^*i5rO. 3~2wt%i:RB^ 
Lti<r>\±VXT<r>X 3 J: S . 0 1 tt, A 1 ^:ta 

tC&(?-r C a^^rfiC0^#^^-ri?^5 7 T'$> i. . S 2 
ti. Al-t-it»A*5wt%ciDJl^tCt5ft'i.Mg^#tfOg| 

■5.. 



[ 0 0 1 2 ] LT . C a-g-:S-iOliJDtCff r)T«/jN^' 

[11*>A,||J|,. j^, Ca 
0 . 3 w t . -e<50K#$&**<iJ'-^ 

V\ L*»L^:*<^. Ca-^:t»*>-2wt%$:@x-i>i:, 
■5-025t#$&^ifi&|P L . X. E 2 liZJrctX o lizmmmx 
*<4 < . lMh<7)ct 0 ^'»m^(:>. C a-t**$- 
0.3— 2wt%cr)eHi: t;''.:. ZcomMcO'PX'ijC a 
-^^riO. 5—1 . 5wt%0®H*sif± Lv^. 

[0013]X, Sr-i-^r»S:0.0 1— lwt%c7)® 
Hlc:IS^tJtOtiJilTOJ:o=5ra*(cJ;^, I13{i. A 
l-i-*JI**5wt%. Ca-^:r4**l. 5wt%«0%& 

w t C a^^r»*« 1 . 5 w t %<?5J©-&tCt5{tS M g 

[0014] c:«o03&i;f04*»^,, s r-^^ri^JDJilin 

s r 0 . 0 1 w t %^mx'iiyb ^<.mz. 1 
vrt%^mx.^tmi^i,zmri>, tti. msiz^ 
^ V -•rmmcmT^m-i^Mjh.ii. 0 . 1 ~ 0 . 5 w t 

(O^X'^=F<r>±m^M.^ti:h. m4i:M.^t. Sri: 

0 . 1 w t %aTcofmxmmTi>mn-rh tMmzm 

mwitt^-^ ti^iST L . 0 . 0 5 w t %mm<7)^^m^X' 
Mm.Ki:i&Tti^m<i)K 0.0 5vft%imt^^^m.x' 
^>^bw■^mmslii^M^ 1 Omm^mmtrZ^&idiz^ 

^^T-r § t> C0c7)^^tcffiv ^fflt-Mii'- L . 0 . 2 w t 

[0015] JiLhOi 0 ^iri:*>ii,, 3|s:^B§tcfcv%T(i 
Sr-t-*»S:0.0 1 — lwt%colSffli:L!t. ClcOli 
HrtTt±3*<0*'tf*»^>0. 0 5~0. 5wt%OffiH** 
»^L<. 0. 1 5wt%j@— O.4wt%<7)ffiH*»J:0 

[ 0 0 1 6 ] X. Z<7)^<D^I,ZM n S:^D tTt^®^. 

iS:'!. 1ftca?SiiiS::f]*<i6]±-r-l.. z<7)^mii. Mn-i-* 
J1*<0. lwt%5fe1lT'{4''h$C^. L*»L. Mn-^*» 
*«lwt%SrSi.4fc. #S^Mnmffl3&<Saj-t&J:3 

O^Zbi)^^. Mn-i-ig-fiSrO. l~lwt%i:L7t. 
Mn-^:tfii:LT0.2— 0.7wt%<0®ffl*U 

[0017] *^B^<OMg^^{Cfc{tl.'i^7cSI4, M 
gcOfteWi. Al. Ca, SrXh^. tfz. Mfc®ID 



!(4) 001-316752 (P2001 -6|S^ 



S. Lj!i»U'5r*J^>, Si, Z n^±mtmiZr>\,^X 

[0018] -t^h-h. :^^Bj^(7)y-(^:x. hm-7:^^^i^ 
A^^tc{±. iiB^^iOffel'. SiA^O.l — Iwt 
% (iJiL<{i0.2~o.6wt%) 

X. ±ia)^t5i-Offe{C. Zn*i0.2~lwt% 
(»it<{i0.4~0.8wt%) -^^^n^Jl^feft 
i.. X. JJB^^i-iOfliJtc:. «db®7C*3&^0. l~3wt 
% (ifftL<Jd0.5~2.0wt%, J:0»*L<«i 
0.8-1. 5wt%) -^^-SixS^^t)**. 
[0019] -t^hib. ±ieoJ: d^SiJ-^T'S i T&^Stc 

X. ±iB<^J:d5:iiJ-&-CZn*»-MK-^^r$^l7t 

Al$^2~6wt. %, CaSrO. 3~2wt%. 
Sr^0.0 1-lwt%. ^±M7m (La. Ce. 
Pr. Nd. Pm, Sm. Eu. Gd. Tb. Dy. H 
o. Er. Tm. Yb. LuCOd*>. lS4?t{i2Sm 
Ji) ^0. l-3wt%#:tL. iSaS^SMgJllPFing 
:?:^%A»^>^?.. ^±3i7C^#*»*«3wt%$r^i.^ 
i:«jt«thi)^'«!ra-r-i> i: i: t (c. j&^IA 
fcX^rO. ilJitt*^W-S. ttz. fflai4'<0Al-R 

[00 2 0] ±ieMg-Al -Ca-S r-^^. ^V^li 
M g - A 1 - C a - M n - S r-^^^ fc' c7)3^^BJc7):?''f 

$rmv>. X. SFg/COj/Ai r <7)?l-^;<rx^£0g!Yb 
BEriM;*'x Srffll ^TM«$:}t»-r & c: i: J: o T^l /i>fi 

[002 1] 

\,zmxtzif-^ /ix vm-7y^-i^^M.-^\t. a i ^ 2— 

6wt. Ca&0.3~2wt%. Sr^O.Ol — 

1 w t L . ^*«M g RtPfnirie^i^!fe*»£> ^ 

2~6wt%. CaS^O. 3~2wt%. Sr^-O.Ol 

~ 1 w t L , ssp**M sm/^m^-WMii^ 

S . S 4, (c*%Bj{i , 9t<r>m.mzMtX M n $r 0 . 1 ~ 

[ 0 0 2 2 ] A 1 -^qiriti, #tc. 4 . 0 w t %i@~6 
wt%<0®H*W^U\ Ca-^iTSJi. 0.5 



-1 . 5wt%<7)|gffl*<»i S r-iS-Wati:. # 

0. 1 5wt%li-0.4wt%c0ffiH*«»t LV^. 
Mn-^^-4{i, 0.2~0.7wt%i7)^ffl*W^ 
LV^. ^tT. 3js:5^B3-^^cOj2^^R7C^(iMg. A 1 , C 
a, Sr-Cifi-S. X. %<7>Ms. Al , Ca. S 

r(Cjlli.-CMnT'?)&. 

[ 0 0 2 3 ] X. J: -^Tli. M3^<^fflfi&KHt S 
i*«0. 1 — lwt% (»*L<«. 0.2~0.6wt 
%) mz^^^tih. X. mi^tf0ffl^a{czn*>'o. 
2— lwt% (»SiL<<±. 0.4~0.8wt%) Ml:: 
is^^tth. X, |fr^<^)«fi^fflt;:-«Xti-«J.:Lt:co 
#±!li7cS*»\ i^*T'0. l~3wt% (»*L<ttO. 
5-2.0wt%. J:'9»*L<{i. 0.8~l-5wt 
%) jglc^^rSixi.. #1^. hfflco-r^i^:^-.^"^ 

AlS:2~6wt%. CaS^O.3— 2wt 
%, Sr5:0.0 l-lwt%-&^L. ^d^MgSlX 

0. i~iwt%^:rr-s«><DTa5-5Tt>m\ *)t. 
^±mjm^^ts^^i,zh'>x{t. 9:Wmz. a 1^2 

~6wt%. C a$:0.3--2wt%. SrSr0.01~ 
lwt%. #±W7C* (La. Ce. Pr. Nd. P 
m. Sm. Eu; Gd. Tb. Dy. Ho. Er. T 

m. Yb. Lu£7)3*>. \m±tz\t2mmL) $rO. 1 

— 3wt%-&*L. ^3&JMgS,tPPT)S^Mtl*»^5r 

'^sL^ ^fi-co^xjjmtzimmimiz^ 

mX'^dM7iM^:m^mM LX'^±it-t?> C: i: L 
[0024] ±IB^^£?5Mg-Al-Ca-Sr-^. 

^<^mmmiz^-^xm^^tii>, mtii. msimi 

m^'K X. SFe/COa/Ai r Oig-^*'X^C0®-ft:l» 

tilzmm-th ^LtifiX^h, 
[002 5] 

[*s6flaii j^iTt::. miifm:mm^mfxwLm-i> 



•'(5) 001-3 16752 (P2001-)r^ 



-e-LTSFg/COj /Ai rcr>m.^:^:^Wm 
— :J^'f;«f>^bVS^— ^S^fflt^THS (a) ( b ) CCS^-f 

m^(^mTitshii:mmLfz. us ( a > ( b ) {;s^-r« 

itiSilJi. ^**ii|i7 Omm. W$ 1 5 0 mmCO^K^J-C 
i>-3T. C:^0««<?Dl/3c7)gPii-*>'lfS3mm<7)|glgp 
ta-2, l/3<Ogi5ih&W$2mm<^||2aJt»-3. 
/3<^g?^*W$ lmmeDm3g|5^4T*-?T. AJRSr 

ai54i-2<&EaU. -etltC«!{t-CJS$2min<^^2Si5i)- 



3. m^imm<7)m3U^4tmwB^^ti, msu^ 

li:S y2/-ji.^^'/K5 2.8%Ce. 27.4%La. 1 
5%Nd, 4.7%Pr. 0 . 1 % S m ) cOJgffiT-^tC 

[0026] 

[^1] 





A 1 


C a 


Sr Mn Si Zn 


-J- w 




1 


3.0 


1.0 


ft 1 


U. 0 












4.0 


1.0 


U.I 


U. o 








368 'J 


3 


5-0 


1.0 


n 1 

Mm X 










^ h 


4 


5-0 


0.5 


0.2 


0.3 


— 








MMiH 5 


5.0 


1.5 


0.3 


0.3 








$t b 


6 


5.0 


1.0 


0.1 


0.2 










7 


5.0 


1.5 


0.2 


0,1 






- 




8 


5.5 


1.0 


0.1 


0.4 








^ ?> 


9 


5.0 


1.0 


0.1 


0.3 


0.6 










5.0 


1.0 


0.1 


0.3 




0.6 








3.0 


0.3 


0.1 


0.3 








nt> 




3.0 


2.0 


0.1 


0.3 










mmmi3 


5.0 


0.3 


0.1 


0.3 


0.6 










5.0 


0.3 


0.1 


0.3 




0.6 








5.0 


2.0 


0.1 


0.3 


0.6 






mt> 


mmme 


5.0 


2.0 


0.1 


0.3 




0.6 




mt> 


mmmii 


5.0 


1.0 


0.1 


0.3 


0.2 


0.4 


0.2 


mr) 




5.0 


1.5 


0.2 


0.3 






1.0 




mmm9 


5.0 


1.5 


0.2 


0.3 






2.5 




mmmzo 


S.O 


1.5 


0.2 


0.3 


0.2 




0.1 






5.0 


1.5 


0.2 


0.3 


0.2 




2.8 


mr> 




S.O 


1.5 


0.2 


0.3 


0.2 


0,4 


0.1 


mt> 


nmm3 


5.0 


1,5 


0.2 


0.3 


0.2 


0.4 


2.9 


^t) 




5.0 


0.8 


0.6 


0.3 










mmms 


S.O 


0.8 


0.8 


0.3 












5.9 


0.5 


0.1 


0.3 






1.0 






5.0 


2.0 


0.1 


0.9 






1.5 






S.O 


1.5 


0.8 


0.3 






1.0 






5.0 


1.5 


1.0 


0.3 












S.O 


1.5 


0.2 


0.2 






1.4 




^mmi 


5.0 


1.4 


0.1 


0.2 






1.9 






S.O 


1.6 


0.4 


0.4 












4.2 


1.0 


0.4 


0.2 






1.0 





[0027] 



[^2] 



!(6) 001-316752 (P20 0 1-/g5 2 





A 1 


u a 


am 

o r 


fflfijc (w t %) 
M n Si Z n 




M S 






1.0 


0.2 


— 


— 


— 










1 . 0 


0.1 


— 


0.2 


— 








5.0 


1.0 


0.1 


— 


— 


0.2 








c n 


1.0 


0.1 


— 


— 


— 


0.6 


® D 


ray -Mr A3f O 


5.0 


1.5 


0.2 


— 


— 


— 


0.1 






5.0 


1 . 5 


0.2 


— 


— 




2.9 


SI D 




4tl .0 


1.5 


0.1 


0.3 


— 


— 






|_L> /KM O 


*7.0 


1.5 


0.1 


0.3 


— 


— 


— 




it®cfiP9 3 


5.0 


«0,1 


0.1 


0.3 


— 


— 


— 




itwtwl 4 


5.0 


♦2. 5 


Q.l 


0.3 


— 


— 


— 




It®^ 5 


5.0 


1.0 


« — 


0.3 


— 


— 


— 


m ^ 


itSRvO 6 


5.0 


1.5 


0.1 


»1.5 




— 


— 


n ?) 


m>> im 1 


5.0 


1.5 


0.2 








0.04 


SI 


fCKwI 7 


5.0 


1.5 


0.2 








*3.7 




AM O 


5.0 


1.5 


0.2 


0.3 






0.03 


SI D 




5.0 


1.5 


0.2 


0.3 






*3.5 






S.O 


1.5 


0.2 


0,3 


0.2 




0.04 






5.0 


1.5 


0,2 


0.3 


0.2 




*3.7 




M.mm4 


5.0 


1.5 


0.2 


0.3 


0.2 


0.4 


0.03 






5.0 


1.5 


0.2 


0.3 


0.2 


0.4 


*3.6 






«6.5 


0.5 


0.1 


0.8 












5.0 


1.5 


1.2 


0.3 












5.0 


1.5 


«0.004 


0.3 








SI t) 




5.0 


*0.1 


0.1 


0.3 


0.6 






^ D 


^mm 6 


5,0 


1.0 


1.2 


0.3 


0.6 








it 1^^514 


5.0 


1.0 


4^0.004 


0.3 




0.6 







[ 0 0 2 8 ] i^S. ^itSiJixJi, 05(a) ( b ) IZtt^L 
fzmmM 1 $ *J 1 mm** /i> 2 mmtC^ij^gP^cOjfi 

^7)-e«>S. ^-^^(DMrn^lzl^LX. lOOi^ 



[0 02 9 1 i^lSIISiJJi. 1 Ot:t-h:?^57lS^«S$- 

r^'j-nsiftti, 1 5 o-ccoasfcisv^r, om 

Pa, Mi^^^l OOhr-CtrVv ^U-rft^iO* 

-T#14Cc^TV^§. set-, Beiyt(c:*ttT^*&2 

[00301 
[«31 



!(7) 001-3 16752 (P2001-%v>^ 





51 3S 
51 58 


UK 73 


vr 


























^ 1 




OS 


r . o 


5.6 


42 




76 


rtr O 


1 f c 
llD 


102 


8.2 


54 


32 


m L 


52 


^ o 


1 CO 

lb J 


1 oo 

loo 


2.2 


21 


6 


Ml. 


36 




1 AO 

193 


134 


6.3 


59 


0.1 


m L 


82 


^ 5 


196 


150 


4.3 


1.1 


2.2 


ML 


8 


M 6 


1 o o 

183 


147 


3.6 


6.1 


0 


M L 


38 


^ 7 


1S2 


147 


2.0 


0.9 


0.8 


ML 


12 


^ 8 


205 


152 


5.2 


60 


0.5 


ML 


21 


^ 9 


172 


141 


3.7 


5.3 


0 


ML 


24 


^10 


202 


159 


3. 1 


7.1 


0 


M L 


19 


^11 


124 


90 


8.0 


73 


30 


ML 


94 


^ L2 


89 


81 


7.0 


81 


61 




39 


^13 


195 


130 


6.7 


69 


8 


mi. 


97 


^14 


204 


131 


5.9 


82 


19 


ML 


91 


^15 


160 


139 


1.6 


4.0 


3 


m L 


21 


^16 


163 


149 


1.8 


3.0 


1 


Ml 


24 


^17 


190 


150 


3.2 


5-9 


0 


ML 


30 


^ 18 


185 


160 


2.0 


0.8 


4 


M L 


19 


^19 


181 


ISS 


1.1 


0.7 


10 


ML 


14 


^20 


174 


143 


3.2 


5.2 


0 


ML 


16 


gty n • 


181 


152 


0.9 


1.6 


16 


M L 


13 




176 


142 


3.0 


6.8 


6 


ML 


14 


^23 


179 


150 


1.6 


3,4 


17 


M L 


21 


^24 


215 


165 


5.4 


3.6 


0 


ML 


35 


^25 


225 


166 


5.8 


3,2 


0 


ML 


38 


1^26 


202 


142 


4.8 


74 


0.5 


ML 


47 


1127 


189 


152 


1.4 


0.9 


11 


ML 


18 


^28 


206 


162 


2.0 


0.6 


5.6 


ML 


17 


^29 


196 


137 


6.2 


2.1 


0 


ML 


18 


1130 


190 


161 


1.2 


0.6 


7 


ML 


12 


^31 


188 


159 


0.9 


0.7 


12 


ML 


18 


1132 


168 


ISO 


2.8 


0.9 


0.5 


ML 


10 


^33 


143 


131 


7.2 


5.6 


5 


ML 


34 



[003 1] 



i(8) 001-316752 (P2001 



-=!5 2 





51 


ffi^ -ft 

IW 77 


JtA 7C 

Vr Cr 












586 3 










fj e 




^o4 




1 CO 


c o 
5 . Z 


5.4 


0.2 




98 


o c 


1 '70 


144 


3,9 


5,8 


0 


^ b 


93 




1 OA 

194 


156 


4 A 

3 . 4 


6.4 


0.1 




85 


^37 


167 


142 


2.9 


4.5 


19 


^ b 


82 


ety no 


164 


145 


2.1 


0.9 


1.5 


M b 


71 


^39 


178 


153 


1.0 


0.7 


14 


b 


56 


it 1 


82 


69 


8.2 


450 


67 


^ t) 


810 


it 2 


210 


125 


6.2 


€30 


0 


^ b 


15 


it 3 


198 


122 


8.0 


165 


0 


M b 


550 


it 4 


142 


132 


1 . 1 


6.2 


630 


^ t) 


210 


it 5 


154 


139 


1.4 


46 


72 


M b 


40 


it 6 


109 


93 


0.4 


72 


1.2 


^ b 


14 


1^ 1 


233 


135 


8.0 


75 


7.1 


b 


140 


it 7 


172 


151 


0.7 


0.9 


32 


^ ?> 


120 


^ 2 


160 


143 


2.8 


1.1 


2 


M b 


16 


its 


170 


151 


0.5 


0.9 


48 


^ ?) 


27 


^3 


171 


141 


2.9 


5.6 


1 


^b 


21 


it 9 


180 


154 


0.6 


2.1 


21 




29 


1^4 


172 


148 


3.8 


7.2 


9 


b 


24 


itlO 


181 


152 


2.4 


3.9 


24 




31 


itn 


212 


128 


7.2 


521 


0 


Mb 


52 


IS 5 


194 


138 


6.2 


5.2 


0 


Mb 


99 


itl2 


139 


132 


0.9 


40 


110 


Mb 


32 


itl3 


204 


131 


6.9 


105 


0 


Mb 


560 


i£6 


206 


161 


6.1 


3.8 


0 


Mb 


120 


itl4 


160 


140 


1.6 


58 


92 


Mb 


54 



[0 0 32] *mrf2i7)«3tct3V>TI|l'-||3 9ti. m 

*^4tctJv>TJti~Jti4{±. m2cr,immi'-im 
*^4tctjv%Tifii~6(4, m2<^^mi-wikm6 

a. W«omfi[{4%. S/jN:?U-r3£jg<^mfil[{41 Q s 
/ s , m^lthM $ (DM^m± m m . «:ft^<0#fi«m 
g / c m2/ 2 4 0 ^ $r^-r . 
[0033] ^1 -^4tC^-rte**^ii>. 3|s:|iBJfflfigK 

[0034] 1 crmm\±P^ 1 5r*%BJIKH^0TiS 

CO 2 w t % J: 0 1 ii'-^V U . 0 w t %-§-^r Lit ^^-Cife 

<7)±|5B<06wt%i 0 t>#V^7. 0wt%^DL:t^ 

[0035] Jt«M 3 cOlS^ac a t::^^mmB<r>Tm. 
c00.3wt%J:Otii'->^v^O. iwt%^^rt?tse^T- 



il^ffM ^ 0 . ifc^^ 6 O^ff tiM n 5r:*: 

^J^ffiOl . Owt%J: "9 fc^vn . 5wt%t LTtIS 

[00 3 6] JttS^J?. 8. 9> 10«#±«7C*2r3 
wt%^^gi.■C^^S•$•y:, Mn, Si. Z ncov^-Tti** 

[0037] imm 1 2J4*l|BBffiffl<0Tm J: 0 tiP^'Sr 
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